The compressive strength of cement and asphalt mortar (CA mortar) is an important technical parameter of ballastless track structural dynamics of high-speed railway, which mainly depends on the compressive strength of cement asphalt binder (CAB). Base on the theory of composite materials and cement based materials, a calculation method for the compressive strength of CAB by microstructure parameters was then proposed. In order to verify the calculation method, uniaxial compressive stress-strain curves of different CABs were measured, and the phase compositions were carried out by means of vacuum saturation, constant humidity drying and asphalt extraction. The results show that the calculated results fit well with the experimental results and the correlation coefficient is greater than 0.98, suggesting that the proposed method is applicable to describe the compressive strength for such cement asphalt composite materials.
Introduction
Cement and asphalt mortar (CA mortar), consisting mainly of cement, emulsified asphalt, fine aggregates, water and chemical admixtures, is the material of the cushion layer of ballastless slab track for high-speed railway, whose main functions are supporting, transmitting load, providing damping and geometrical adjustment for the structure. The performance of CA mortar has an important influence on the durability of the track structure and the stability, riding comfort of high-speed railway [1] [2] [3] [4] [5] .
CA mortar is a semi-rigid and high performance composite with the combined merits of cement paste of high strength and asphalt materials of good elasticity. As can be imagined, the characteristics of CA mortar are largely dependent on its binder matrix, the cement asphalt binder (CAB) [6] [7] . During the past years, some investigations were performed on the microstructure and mechanical properties of CAB. With respect to the microstructure, Zheng [8] had investigated the pore structure of cement-asphalt binder with the nitrogen adsorption method. Wang [9] had studied the microstructure characters of CAB with high A/C, who pointed out that a spatial network structure made of hydrated products and free asphalt was formed in CAB. Deng [7] had studied the phase composition and microstructure of hardened CAB and proposed two structure models to characterize the physical structure of CAB with high or low A/C.
As a novel inorganic-organic composite, the mechanical properties of CAB are bound to be affected by various phase compositions. Li [10] had investigated the fatigue, strength, rigidity, temperature susceptibility, and stress-strain relationship of CAB, who concluded that CAB possessed most of the characteristics of both cement and asphalt. Pouliot [11] had studied the influence of asphalt content on the hydration process, microstructure, and mechanical properties of CAB, test results indicated that the introduction of asphalt droplets inside a cement matrix led to a significant reduction in compressive strength and elastic modulus.
The above research focused merely on the microstructure or the mechanical properties. The two aspects were not deeply associated with each other. However, the microstructure of material and its mechanical property are not isolated from each other, so revealing the relationship between microstructure and performance is a significant foundation for material design. Therefore, the goal of the present investigation was to establish the quantitative relationship between the mechanical properties of CAB and its microstructure.
The Compressive Strength of CAB
CAB is a kind of multiphase and porous composite material, so it is difficult to calculate the compressive strength by one step. Based on the geometrical scales of the constituents in CAB, the structure of the hardened CAB can be seen as two levels of binary mixtures. The first level was called complex binder. The hardened cement and asphalt included in the complex binder were regarded as matrix and inclusion respectively. And the second level was the hardened cement paste, which can be seen as the capillary pores dispersed in the hydrated products.
According to the theories of micro mechanics and composite material mechanics, a calculation method for the compressive strength of CAB by microstructure parameters was then proposed.
The compressive strength of hardened cement paste
Powers [12] suggested that strength of the hardened cement paste could be empirically related to the gel to space ratio, or the ratio of solid hydration products in the system to total space:
Where σ0 is the theoretical strength at zero porosity, and x is the solid to space ratio or the amount of solid fraction in the system, which is therefore equal to 1-p. Powers found that the value of σ0 is 234 MPa.
The compressive strength of complex binder
In order to quantify the influence of asphalt on the compressive strength of CAB, the simplest and ideal situation can be firstly studied, the general laws is then universalized from the analysis results with some appropriate corrections. It can be deduced that in the simplest situation asphalt is spherical, as shown in Figure 1 . Then for each unit cube in CAB, the volume of asphalt can be calculated using the following equation:
The area bearing force decreases due to the existence of asphalt, and the weakest zone is the cross section of a-a as shown in Fig.1 . The reduced area owing to asphalt can be calculated using equation (3):
Then the effective area that can bear force is
As the compressive strength of hardened cement paste is proportional to the effective area [13] , therefore:
Where σ'is the compressive strength of the complex binder, MPa; σ is the compressive strength of hardened cement paste, MPa. The general form of formula (4) is:
Where β=2/3 is decided by the characteristics of asphalt as the dispersed phase. K is a coefficient associated with the shape and uniformity of spatial distribution of asphalt [14] . It can be deduced from the above derivation process that, when Va is identical, the flatter the shape of asphalt is, the larger the values of S and K are; the more uneven the distribution of asphalt is, the larger the values of S and K are.
Substituting Eq. (1) into Eq. (5) yields the compressive strength formula of CAB:
Therefore, if the compressive strength, capillary porosity, and asphalt's volume fraction of CAB from relevant experiments are obtained, then K can be acquired by fitting Eqs.6. Finally, the general equation about the compressive strength of CAB is available.
Materials and Methods

Materials
The cement used was Portland cement with the strength grade of 52.5. The composition and properties of the cement are detailed in Tables 1 and 2 . The asphalt emulsion was a kind of SBS modified cationic emulsified asphalt emulsion, and whose properties are listed in Table 3 . In addition, tap water and a small amount of defoamer were applied as ingredients for sample preparation. 
Specimen preparation
CAB specimens were prepared according to the formulations in Table 4 . CAB specimens were prepared by the following procedures: emulsified asphalt and water were first poured into the stirring pot and slowly stirred at 30 r/min for 1 min. In the stirring process, proper amount (0.05 g/L) of defoamer was added to eliminate the big bubble. Then, the cement was slowly added into the stirring pot, which took about 30 s. Finally, the mixture was slowly stirred for 1 min continually, then quickly stirred at 120 r/min for 2 min and slowly stirred for 30 s to eliminate bigger bubble in the slurry. The fresh slurry was poured into the cylindrical PVC mould with the inner diameter of 71 mm. The specimens demoulded after 24 hours were cured at 20 ± 2°C, 65% RH to 180 days. The upper and lower surfaces of CAB specimens were polished by doubleend face automatic polishing machine before experiment to ensure the upper and lower surfaces are parallel. The final size of the specimens were about φ(71.00±0.10)mm×(100.00±0.10)mm. 
Mechanical property test
CAB specimens were preloaded for 3 times at the loading and unloading rate of 1.0 mm/min, the preloaded strengths was 0.1 MPa. Then, the mechanical properties of CAB were experimented by an electronic universal testing machine at the loading rate of 1.0 mm/min. The ambient temperature was about 21 ± 2 °C, and the final result was the average value of 3 specimens.
Microstructure test
Capillary porosity
After the compression tests, three slices with 3-5mm thickness were cuted from each specimen using a grinding wheel. The slices were placed in a vacuum saturation apparatus until constant weight had been achieved, and the weight in air and in water of the saturated slices were denoted by m1and m2 respectively. The saturated slices were then placed in a vacuum dryer, where at the bottom of the dryer filled with saturated MgCl2 solution (relative humidity was 33%), the weight of the slices was denoted by m3 when they reached constant weight. The porosity was calculated using the following equation:
Volume fraction of asphalt
After the tests in 3.4.1, the slices were placed in a glass bottle filled with trichloroethylene. After 24 hours, the mixture was poured into a funnel equipped with a 0.45μm millipore filter, the solution and the insoluble matter were then separated by a suction flask. After the above procedure, the insoluble matter remaining in the funnel was placed in the glass bottle once again, the dissolution and separation processes were repeated until the color of the solution was very shallow.
Finally, the solid substance was vacuum dried to constant weight, and the mass was denoted by m4. The volume fraction of asphalt can be calculated using the following equation:
Volume fraction of hydration products
It was assumed that the total volume was composed of the asphalt, hydration products and capillary pores, and the sum of volume fraction of the three phases was equal to 1, so the volume fraction of hydration products can be calculated using the following equation:
Results and Analysis
Stress-strain relationship
The stress-strain curves of different CABs are shown in Figure 2 , the peak stress is regarded as the compressive strength. By comparing the curves, it was found that a significant reduction in the compressive strength of CAB is observed as A/C increases, but when W/C is varied, the compressive strength has nearly no change. The experimental results of microstructures and mechanical properties are listed in Table 5 . It can be known from Table 5 that when A/C is equivalent, the volume fractions of capillary pores have a great difference with the variation of W/C, but the volume fractions of hardened cement paste (capillary pores plus hydrated products) and asphalt are close to each other, indicating that the number of interfaces is almost constant. In general, an increase in the W/C results in a significant decrease in the compressive strength of cement paste because raising the W/C increases the porosity of cement paste and thus, reduces its strength. However, the strength of cement paste is only one of the factors affecting the compressive strength of CAB. From the viewpoint of composite theory [15] , the mechanical properties of CAB are a comprehensive reflection of many factors mentioned above, and maybe the performance of interfaces as the weak zones plays a more important role.
The significant reduction of compressive strength with the increase of A/C indicates that A/C is a key factor determining the compressive strength. Cement is a hydraulic binder and the resulting harden cement paste is brittle with high compressive strength while asphalt is a visco-elastic binder at room temperature with much lower strength than cement paste. For CAB with a high compressive strength, the framework formed by hardened cement paste is the primary structure skeleton, which is responsible for its strength [16] . The asphalt phase exhibits as a filling phase, resulting in the weak phase in the structure system [17] . Under the compression process, the extension of micro cracks stems largely from the weak interfaces. Raising the A/C increases the amount of the weak phase, which results in a reduction of strength. In the joint action of these two factors, the compressive strength of CAB decreases obviously with the increasing A/C.
Verification of the compressive strength formula
Substituting the relevant data listed in Table 5 into formula (6), K can be obtained by the least square method, whose value is 2.3194. The calculated results and experimental results of the compressive strength are compared in Figure 3 . Figure 3 demonstrates that the calculated results fit well with the experimental data, and the correlation coefficient is 0.9883. The calculation method has a simple form, and physical meaning of the parameters is also clear, suggesting the proposed method is applicable to describe the compressive strength for such cement asphalt composite materials.
Conclusions
Based on the results and discussions of this experiment, the following conclusions can be drawn:  Base on the theory of composite materials and cement based materials, a calculation method for the compressive strength of CAB by microstructure parameters was proposed.  The introduced effectiveness coefficient K can be used to characterize the shape and uniformity of spatial distribution of asphalt
